The symmetry properties of the effective spectroscopic Hamiltonian for Jahn-Teller coupling within doubly degenerate E symmetry states of four-fold symmetric molecules have been carefully discussed by Hougen. [1] The Hamiltonians for three electronic states (g, e, f) influence the pump-probe polarization anisotropy of vibrational quantum beats: The standard point group tables specify electronic transition dipole moment directions, but not signs, based on the change in symmetry during a transition.
[2] The signs are not specified because they depend on the arbitrary choice of phases for the two eigenfunctions involved. For cyclic sets of 4 transition dipole moments, the arbitrary phases cancel, and the sign is physically significant. [8, 9] For cyclic sets involving two states with a symmetry-required degeneracy, the symmetry properties of the two-photon tensor determine relative transition moment directions and the physically significant overall sign. 
The forms of the averges above are readily adaptable to the ESE and ESA signals. The Fortran code for these calculations is reproduced in Appendices A2 and A3 of ref. [16] .
Calculations were run to check the convergence of the code for a single pair of b 1g /b 2g modes. For the calculations described in the paper, parallel and perpendicular signals are converged to within 4 significant digits when 15 vibrational eigenstates are included for each coordinate. In testing convergence, it was found that thermally excited vibrational levels on the ground electronic state play an important role in the calculated anisotropy decay. This requires diagonalization of a fairly large matrix (450x450) even though the strong transitions all obey 0, 1 v ∆ = ± selection rules. Most of the computational time is spent in the sum over cosinusoidal terms.
The converged calculations were checked by comparison to analytic results for the initial electronic anisotropies, the time-dependent anisotropies from Brownian oscillator models, and the vibrational anisotropies of b 2g modes. Purely vibrational quantum beats cancel in the impulsive limit, in agreement with ref. [4] and the discussion in the main paper. This cancellation can be eliminated by dropping transitions from the sum, as suggested by diagrammatic calculations. This restricted summation approach was used to calculate the vibrational anisotropy of purely vibrational quantum beats.
